Natural pastures are important ecosystems that both contribute to biodiversity conservation and provide an important source of income, especially for cattle ranchers. While these pastures yield fairly low productivity, they can be improved by increasing soil fertility and introducing species with high productive potentials. In this sense, the purpose of this study was to evaluate the effects of applying limestone and phosphorus, as well as introducing cool-season species with a mixture of species dominated by Schizachyrium tenerum Nees, into a natural pasture in the Catarinense Plateau. The experiment was conducted from January 2010 to December 2013; the treatments consisted of superficial distribution of limestone in proportions of 3.6, 7.2, 11.0, and 14.4 t ha -1 , as well as distribution of phosphorus in the form of triple superphosphate in proportions of 35, 70, 105, and 140 kg of P 2 O 5 ha -1 . In addition, cool-season species were overseeded. The experiment consisted of a randomized block design with subdivided plots and three replications. Limestone was applied to the main parcel, whereas phosphorus was applied to the subplots. There was no interaction between the levels of limestone and phosphorus. The application of 11.0 t ha -1 of limestone yielded the highest forage production, with 3,932.2 kg of dry matter (DM) ha -1 during the second year. Red clover was the species that best reacted to the additions, with levels of 7.2 and 11.0 t ha -1 over the 4 years. In addition, phosphorus provoked a positive response throughout the experiment. The highest forage production was observed during the second year, with an addition of 140 kg P 2 O 5 ha -1 (4,419.4 kg DM ha -1 ). Only one-eighth of the recommended amount of limestone (3.6 t ha -1 ) allowed for the establishment and persistence of the legumes introduced into natural pastures. These additions, associated with increasing levels of phosphorus, yielded linear growth in the production of forage in natural pastures with a mixture of species dominated by Schizachyrium tenerum Nees.
Introduction
It is estimated that 919.6 thousand hectares in the Brazilian State of Santa Catarina (SC) are occupied by natural pastures (ARAÚJO et al., 2007) . A large part of these are found in the Catarinense Plateau. According to data from the Brazilian Agricultural Census (IBGE, 2006) , 400 thousand hectares were lost in the last 15 years due to substitution with agricultural crops and, mainly, afforestation (BOLDRINI, 2009; CÓRDOVA et al., 2012) . Despite adverse conditions and limitations, such as soils with high acidity and low natural fertility, high contents of aluminum (Al), rugged relief, stoniness, and rocky outcrops, natural pastures continue to be the main source of food for livestock in the region.
Pasture production is higher during the hot seasons of the year, given that they primarily harbor various C4 Gramineae species. Production systems based on natural pastures are usually extensive, with stocking rates of approximately 0.3 to 0.4 animal units (AU) ha -1 . These numbers are usually defined by the forage supply from fall and winter, the seasons with the smallest growth. Given these conditions, it is difficult to produce more than 60 to 70 kg ha -1 year -1 of live weight (CARVALHO et al., 2006) , which is very low when compared to the production potential of natural pastures in the South Region of Brazil (MARASCHIN, 2009) . Therefore, it is of critical importance to increase the productive capacity of these pastures, specifically with respect to the competitiveness of livestock.
To achieve this, it is necessary to use techniques that preserve the ecosystem, provide competent productivity indices, and ensure the sustainability of the productive systems (CASTILHOS et al., 2011) . In this sense, the introduction of coolseason species into natural pastures is an interesting option for boosting forage production and quality and mitigating the effects of seasonality (BARTHOLOMEW; WILLIAMS, 2010) . When enhancing native pastures (ENP), the use of forage legumes is crucial for increasing forage production and quality, as well as the nitrogen (N) fixation capacity of the soil. This benefits other forage species in the field and improves soil fertility . As such, the purpose of this study was to evaluate forage production and the endurance of temperate forage species overseeded in natural pastures with a mixture dominated by Schizachyrium tenerum Nees treated with limestone and phosphorus (P).
Materials and Methods
The experiment was conducted in Lages, SC, from January 2010 to December 2013, in a natural pasture with combined species dominated by slender little bluestem (Schizachyrium tenerum Nees). The climate has a Köppen classification of Cfb, whereas the soil is classified as Nitosol Bruno (EMBRAPA, 2006) . The experimental area is located at latitude: 28°01ʹ30.79ʹʹ S, longitude: 50°25ʹ03.13ʹʹ W, and at an altitude of 1,140 m.
The treatments consisted of superficial application of dolomitic limestone with a total relative neutralizing power (TRNP) of 60%. This was added in proportions of 12.5%, 25.0%, 37.5%, and 50.0% of the recommended amount for conventional crops (CQFS-RS/SC, 2004), which is equivalent to 3.6, 7.2, 10.8, and 14.4 ). These species were overseeded on July 14, 2010, followed by superficial harrowing.
The experiment had a randomized complete block design with subdivided plots and three replications. The subplots were 6 × 3 m with borders of 1 m and a useful area of 4 m². The limestone and P were applied to the main parcel and the subplots, respectively, and were defined based on a previous analysis of the soil. This analysis was completed using 20 samples that were collected in the experimental area and combined into a composite sample (Table 1) . The limestone and P were applied on February 9, 2010 and July 7, 2010, respectively. Samples from every subplot were collected on May 3, 2012
and April 25, 2013, using an auger with a diameter of 10 cm.
Maintenance fertilization was performed at the end of every warm season using amounts equivalent to 30% of the base P fertilization (CQFS-RS/SC, 2004). Forage production was obtained by using a chainsaw with a cutting range of 1 m to cut at a height of 8.0 cm from the ground. All cut green material was weighed, subsampled, and weighed again. The subsamples were botanically separated as native Gramineae species and legumes, each of the introduced species, undesirable plants, and dead material. Each of these was kept in an oven at 60°C with forced air ventilation until constant weight. The produced material from each cutting session was added up to obtain the total annual production as follows: two cutting sessions in the first year (November 30, 2010 and January 11, 2011) , four cutting sessions in the second year (April 5, 2011 , June 15, 2011 , October 19, 2011 , and January 04, 2012 , two cutting sessions in the third year (March 29, 2012 and December 6, 2012) , and two cutting sessions in the fourth year (April 12, 2013 and November 05, 2013) . Cutting was dependent upon an average grazing height of 20 cm before cutting, independent of the treatments.
The experiment continued despite damage to production due to senescence, death of plant components, long periods between cutting sessions, and production seasonality. To evaluate the establishment (initial plant population) of the introduced species, plants within frames with sides of 20 cm were counted at three sample points within the useful area of each subplot on November 17, 2010. The same process was performed on January 22, 2014 to evaluate the persistence (final plant population) of the introduced species. The results obtained were submitted for analysis of variance. The effects of the treatments were analyzed using orthogonal polynomial contrasts (linear and quadratic) and a significance level of 10% was adopted to compare differences among treatments.
Results and Discussion
There was no interaction between the limestone and P additions in any of the variables studied. Production was lower than expected (Tables 2 and  3 ). This could be attributed to the 8 cm cutting height, resulting in a large part of green material being left out. This effect may have also resulted from the long intervals between the cutting sessions and the variable number of times that they occurred. Forage produced and senesced between cuts was not taken into account.
In general, there was an increase in forage production when applying limestone and P, except during the third year, when production was affected by low rainfall, as shown in Figure 1 . In addition, there were differences in the production of native Gramineae species as a function of added limestone over the first year (Table 2 ). This response may have been the result of the direct contribution of the biological N fixation promoted by the legumes introduced. This is assuming that the limestone had not yet counteracted the soil acidity.
The boost in forage production during the initial stage of the experimental period, especially in the second year, was due to the increase in mass of coolseason species. These species did not contribute as much over the following years, most likely because of competition with the greater quantity of native Gramineae species (Table 2) . This indicates an improvement in soil fertility (PRESTES et al., 2016) .
In a similar study carried out in the central depression of the Brazilian State of Rio Grande do Sul (RS), the limestone did not affect forage production during ENP. This was also the case for the introduction of white clover, with or without cover and N-P-K maintenance fertilization (CASTILHOS; JACQUES, 2000). There was a quadratic effect in production during the first two years, with higher values in treatments with an addition of 11.0 t ha -1 . However, in the third year, the growth was linear with limestone content (Table 2 ). In addition, there were long droughts (Figure 1 ), as well as an increase in the production of native Gramineae species and a decrease in the production of the introduced species, demonstrating the higher tolerance of native species to water stress . ns: not significant.
*, **, and ***: significant at 10%, 5%, and 1%, respectively.
The white clover presented low production (Tables 2 and 3 ). This could be the result of its slow establishment and the concurrent competition, which kept it from achieving its productive potential (VIDOR et al., 1997) . On the other hand, the fact that it is a species of rather prostrate growth could have made it less likely to be cut, which caused its mass to be underestimated in relation to the other species. *, **, and ***: signifi cant at 10%, 5%, and 1%, respectively.
Continuation...
The highest production values for red clover were between 7.2 and 11.0 t ha -1 (Table 2) , distinguishing it from the other introduced species. The bird'sfoot trefoil had its highest production during the second year, with a linear growth with respect to added limestone in the fi rst and third years ( Table  2) . Jacques and Nabinger (2000) demonstrated that only 3.0 t of limestone ha -1 , with a TRNP of 104%
in superfi cial application, were necessary to succeed in ENP; this was observed specifi cally for white and red clover and Italian ryegrass in soil demanding 29.7 t of limestone ha -1
. Meanwhile, the production of velvet grass increased up until the end of the experiment (Table 2 ). This was largely because of its ability to persist and high capacity to naturally recover (VIDOR et al., 1997) . clover and Italian ryegrass in soil demanding 29.7 t of limestone ha -1 . Meanwhile, the production of velvet grass increased up until the end of the experiment (Table 2 ). This was largely because of its ability to persist and high capacity to naturally recover (VIDOR et al., 1997) . ENP. Meanwhile, the native Gramineae species were indifferent to P ( Table 3 ), demonstrating that P has a greater impact on legumes than on Gramineae species (FERREIRA et al., 2008) . The only difference was in the third year, where their response was linear with respect to P concentration.
Red clover showed linear growth with respect to P concentration, with a peak in the second year (Table 3) ; the third year was an exception. As such, this species stood out from the others. Meanwhile, velvet grass exhibited stable growth over the 4 years, thereby demonstrating sensitivity to P additions (Table 3) .
Even though there was no interaction between the treatments with respect to forage production, their effects were amplifi ed when applied jointly, especially when using intermediate amounts ( Figure  2) . A 12-year ENP study completed in Santa Maria, RS gave the highest production values for Italian ryegrass and clover (Trifolium vesiculosum Savi.) as a result of combining P and added limestone (TIECHER et al., 2014) . (Table 4) . Furthermore, the establishment of red clover was notable, with 593 plants m -2 using a limestone addition of 7.2 t ha -1 ; higher amounts resulted in a reduction in population (Table 4) . Overall, this was the species that best persisted in the area, which indicates that higher amounts of limestone are not necessary to generate an acceptable population of red clover (Table   4) . The population of introduced plants drastically decreased when comparing the initial count (establishment) to the fi nal count (persistence) ( Tables 4 and 5 ). The white clover, bird's-foot trefoil, and Italian ryegrass were indifferent to added limestone (Table 4) . Furthermore, the establishment of red clover was notable, with 593 plants m -2 using a limestone addition of 7.2 t ha -1 ; higher amounts resulted in a reduction in population (Table 4) . Overall, this was the species that best persisted in the area, which indicates that higher amounts of limestone are not necessary to generate an acceptable population of red clover (Table 4) . With respect to P (Table 5 ) and the initial plant population, only the red clover and tall fescue differed statistically, presenting a linear and quadratic effect, respectively. There was a general decrease in plant population in the fi nal count, except for with white and red clover, which showed linear growth (Table 5) . Meanwhile, the bird's-foot trefoil was indifferent to P in both evaluations (Table  5) . This is likely due to the low demand of the plant for soil fertility (VIDOR et al., 1997 ).
An alkaline front, formed by superfi cial liming, slowly grew, reaching higher rates as additions were elevated and yielding higher concentrated effects at 10 cm of depth (KAMINSKI et al., 2005; PANDOLFO et al., 2013) . In addition, pH varied signifi cantly and Al content showed an inverse relationship to limestone growth from 0 to 5 cm. Base saturations were also elevated (Table 6) . Similarly, a study completed in Australia showed that the effects of superfi cial liming were limited to a depth of 5 cm (SMITH et al., 1994) . It is worth noting that a limestone addition of 3.6 t ha -1 , which represents one-eighth of the recommended amount (CQFS-RS/SC, 2004), decreased the initial content of 2.81 (Table 1) to 0.67 cmol c kg -1 of Al (Table  6) . Furthermore, an addition of 14.4 t ha -1 lowered Al content to almost zero. Similarly, soil P content varied the most at a depth of 0 to 5 cm, reaching its highest concentration when using an addition of 140 kg of P 2 O 5 ha -1 (Table 7) . Data was analyzed using orthogonal polynomial contrasts. ns: not significant. *, **, and ***: significant at 10%, 5%, and 1%, respectively.
In successive crops of soybean and corn, most P was superficially applied by hand; in this case, the highest P concentrations were observed at depths of 0 to 2.5 cm (BARBOSA et al., 2015) . Such a high concentration in the 0 to 5 cm layer, even when increasing the amount of P additions, was due to the low movement of this nutrient caused by its strong fixation to the soil (GATIBONI et al., 2000) . In addition, the legumes making use of P did not allow the nutrient to descend further. In Campos de Cima da Serra, RS, Heringer et al. (2002) demonstrated that ENP performed 7 and 24 years ago increased the levels of calcium (Ca), magnesium (Mg), P, base saturation (V%), and pH, even in deeper layers of soil (HERINGER et al., 2002) . Since the application of limestone and P is subsurface in ENP, the use of intermediate amounts is preferred over the official recommendations. In addition, this process should be carried out at suitable periods until reaching the desired levels of soil fertility. Data was analyzed using orthogonal polynomial contrasts; ns: not significant. *, **, and ***: significant at 10%, 5%, and 1%, respectively. Data was analyzed using orthogonal polynomial contrasts; ns: not significant. *, **, and ***: significant at 10%, 5%, and 1%, respectively.
Conclusions
The addition of one-eighth of the recommended amount of limestone, equivalent to 3.6 t ha -1 , allowed for the establishment and persistence of legumes introduced into a natural pasture with a mixture of species dominated by Schizachyrium tenerum Nees.
The joint application of one-eighth of the recommended limestone addition (3.6 t ha -1 ), with increasing additions of P, amplified forage production in native pastures. This was the result of, mainly, the beneficial effect that P had over the introduced forage legumes.
